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Data mining the Arabidopsis genome reveals fifteen 14-3-3 
genes. Expression is demonstrated for two out of five novel 
genes . 

Rosenquist, Magnus (1); Alsterfjord, Magnus; Larsson, 
Christer; Sommarin, Marianne 

(1) Department of Plant Biochemistry, Lund University, 
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No. 1, pp. 142-149. print. 
ISSN: 0032-0889. 
Article 
Engli sh 
Engl i sh 

in plants, 14-3-3 proteins are key regulators of primary metabolism and 
membrane transport. Although the current dogma states that 14-3-3 isoforms 
are not very specific with regard to target proteins, recent data suggest 
that the specificity may be high. Therefore, identification and 
characterization of all 14-3-3 (GF14) isoforms in the model plant 
Arabidopsis are important, using the information now available from The 
Arabidopsis Information Resource, we found three new GF14 genes. The 
potential expression of these three genes, and of two additional novel 
GF14 genes (Rosenquist et al . , 2000), in leaves, roots, and flowers was 
examined using reverse transcriptase-polymerase chain reaction and cDNA 
library polymerase chain reaction screening, under normal growth 
conditions, two of these genes were found to be transcribed. These genes 
were named grfll and grfl2, and the corresponding new-14-3-3 isoforms were 
named GFl4omicron and GFl4iota, respectively. The gene coding for 
GFl4omicron was expressed in leaves, roots, and flowers, whereas the gene 
coding for GFl4iota was only expressed in flowers. Gene structures and 
relationships between all members of the GF14 gene family were deduced 
from data available through The Arabidopsis information Resource. The data 
clearly support the theory that two 14-3-3 genes were present when 
eudicotyledons diverged from monocotyledons, in total, there are 15 14-3-3 
genes (grfs 1-15) in Arabidopsis, of which 12 (grfs 1-12) now have been 
shown to be expressed. 
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NOVELTY - A guanine nucleotide releasing factor (GRF)-4 (Ras activator) 

nucleic acid molecule (I) and its corresponding protein (II) which has an 

important role in cell signaling, are new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 

followi ng : 

(1) an isolated nucleic acid molecule (I) encoding a polypeptide 
having guanine nucleotide releasing factor (GRF) 4 activity; 

(2) an isolated polypeptide (II) having ***grf4*** activity and a 
CDC25 domain; 

(3) a mimetic (II') of (II) with ***GRF4*** activity; 

(4) a recombinant nucleic acid molecule comprising (I) operatively 
linked to a promoter that enhances transcription of (I) in a host cell; 

(5) a system (ill) for the expression of ***GRF4*** comprising an 
expression vector into which (I) is inserted; 

(6) a cell transformed with (ill); 

(7) a method (IV) for expressing a polypeptide comprising 
transforming an expression host with an expression vector and culturing 
the expression host; 

(8) a ***GRF4*** specific antibody (v) targeted to a region 
selected from either the C-terminus, the CDC25 domain, the cnmp bindii 
domain and the PDZ domain; 

(9) a method (vi) of treating a disorder characterized by excessive 



i ng 



fr GRF4**' 



expression, concentration and/or activity, comprising 



polypeptide 



administering an agent that reduces or inhibits ***GRF4~ ; 
expression, concentration or activity; 

(10) a method (vil) of treating a disorder characterized by 
inadequate ***grf4*** expression, concentration and/or activity, 
comprising administering an agent that increases ***grf4*** 
polypeptide expression, concentration or activity; 

(11) a method (VIII) of identifying a compound that modulates the 
interaction of ***grf4*** with Ras, comprising: 

(a) contacting ***grf4*** , a Ras-binding fragment of ***GRF4*** 
or a derivative of ***GRF4*** (x) with Ras, a ***grf4*** -binding 
fragment of Ras or a derivative of Ras (Y) in the presence of the 
candidate compound ((x) and (Y) are capable of binding); and 

(b) determining whether the binding between (x) and (Y) is modulated, 
therefore indicating whether the candidate compound modulates the 
interaction of ***grf4*** and Ras; 

(12) a method (ix) of identifying a compound that modulates the 
interaction of ***grf4*** with Rapl, comprising: 

(a) contacting ***GRF4*** , a Rapl-binding fragment of 
***GRF4*** or a derivative of ***GRF4*** (X) with Rapl, a 
***GRF4*** -binding fragment of Rapl or a derivative of Rapl (Y) in the 

presence of the candidate compound ((x) and (Y) are capable of binding); 
and 

(b) determining whether the binding between (x) and (Y) is modulated, 
therefore indicating whether the candidate compound modulates the 



interaction of ***grf4* and Rapl; 

(13) a method (X) of ^Buating the cell prol iferation^Mucing 

properties of a candidate impound, comprising contacting ttr^iompound 
wi th : 

(a) ***GRF4*** , a Ras binding fragment of ***GRF4*** or a 
derivative ***GRF4*** ; and 

(b) Ras, a ***grp4*** binding fragment of Ras or a derivative of 
Ras (the ***grf4*** and Ras are capable of binding); and 

(c) determining the ability of the compound to interfere with the 
binding of the ***grf4*** and Ras (the ability to reduce binding 
indicates that the compound reduces cell proliferation); 

(14) a ***G RF 4*** polypeptide Ras activator; 

(15) a Ras binding peptide comprising 10 to 100 amino acids and 
includes part of (Al) , (A2) , (A3) and/or (A4) ((A2), (A3) and (A4) are 
defined sequences given in the specification) or a derivative of them that 
inhibits Ras activation; and 

(16) a method of evaluating an anti -proliferative compound comprising 
contacting the candidate compound with the CDC2 5 domain of " * "GRF4" " * 
(or a derivative) and determining the ability of the candidate compound to 
bind to the ***grf4*»* (the ability to bind indicates that the 
compound inhibits cell proliferation). 

activity - None given. 
no data given. 

mechanism of action - ***grf4*** activates Ras both in vitro and 
in vivo. It directly binds cyclic adenosine monophosphate (camp) directly 
via its cNMP-BD (cAMP/guani ne monophosphate (cGMP) binding domain). 

*** GRF 4*** directly connects cAMP-generating (e.g. G protein coupled 
receptors) or cGMP-generati ng pathways to Ras. ***grp4*** activates 
Ras in response to elevation of intracellular camp and/or cGMP. 
* * "GRF4- is a target for Nedd4 ubiquitation as it binds Nedd4. 

Activation of the Ras signaling pathway controls numerous cellular 
functions, such as cell metabolism, proliferation, differentiation and 
transformation. Therefore modulation of Ras activity may provide a 
mechanism for controlling diseases. 

USE - (I) and the GRF4 protein (II) it encodes may be used in the 
treatment of diseases associated with inappropriate GRF4 expression and 
activity such as cancers and neuronal disorders. For example, (I) (and 
vectors containing (I) (i.e. (ill)) and the GRF4 polypeptide may be used 
to treat disorders associated with decreased GRF4 expression. 

(I) or (III) may be administered to treat diseases by rectifying 
mutations or deletions in a patient's genome that affect the activity of 
GRF4 by expressing inactive proteins or to supplement the patients own 
production of GRF4 polypeptides. Conversely, antisense nucleic acid 
molecules may be administered to down regulate GRF4 expression by binding 
with the cells own GRF4 genes and preventing their expression. 

The GRF4 polypeptides may be used as antigens in the production of 
antibodies against GRF4 and in assays to identify modulators (agonists and 
antagonists) of GRF4 expression and activity. The anti-GRF4 antibodies and 
GRF4 antagonists may also be used to down regulate GRF4 expression and 
activity. Inhibition of Ras can reduce cellulose proliferation and 
cancers . 
Dwg.0/24 
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title: Two differentially regulated nitrate reductases required 

for nitrate-dependent, microaerobic growth of 
Bradyrhi zobi urn japonicum. 

author(s) : Fernandez-Lopez, Manuel; Olivares, Jose; Bedmar, Eulogio J. 

(1) 

CORPORATE SOURCE: (1) Dep. Microbiol., Estacion Exp. del Zaidin, CSIC E-419, 

E-18080 Granada Spain 
SOURCE: Archives of Microbiology, (1994) vol. 162, No. 5, pp. 

310-315. 

ISSN: 0302-8933. 
DOCUMENT TYPE: Article 
LANGUAGE: English 

AB Native PAGE of Triton X-100-sol ubi 1 i zed membranes from Brady rhi zobi urn 
japonicum strain PJ17 grown mi croaerobi call y (2% 0-2, v/v) in defined 
nitrate-containing medium resolved two catalytically active nitrate 
reductase (NR) species with apparent molecular masses of 160 kDa (NR-I) 
and 200 kDa (nr-ii). nr-i and nr-ii were also found in membranes from 
cells of strain PJ17 that were first grown in defined medium with 
glutamate and further incubated mi croaerobi cal ly in the presence of 5 
mmol/1 KNO-3. However, only nr-i was detected in cell membranes of strain 
PJ17 when nitrate was omitted from the microaerobic incubation medium. 



Four mutants unable to gro^^t low 0-2 tension in the preseim of nitrate 
were isolated after transp^H^ Tn5 mutagenesis. Membranes f^B mutants 
GRF110 and GRF116 showed mamfly NR-I, while the other two muWnts, GRF3 
and ***GRF4*** , expressed mostly NR-II. These results indicate that 
the ability of B. japonicum PJ17 to grow under microaerobic conditions 
depends upon the presence of two membrane-bound NR enzymes whose synthesis 
seem to be independently induced by mi croaerobi osi s (nr-i) or by both 
mi croaerobiosi s and nitrate (NR-II). 
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novelty - A guanine nucleotide releasing factor (GRF)-4 ( ***r 3 s*** 
activator) nucleic acid molecule (I) and its corresponding protein (II) 
which has an important role in cell signaling, are new. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
fol lowi ng : 

(1) an isolated nucleic acid molecule (I) encoding a polypeptide 
having guanine nucleotide releasing factor (GRF) 4 activity; 

(2) an isolated polypeptide (II) having *** GRF 4*** activity and a 
CDC2 5 domain; 

(3) a mimetic (II') of (II) with ***GRF4*** activity; 

(4) a recombinant nucleic acid molecule comprising (I) operatively 
linked to a promoter that enhances transcription of (I) in a host cell; 

(5) a system (III) for the expression of ***GRF4*** comprising an 
expression vector into which (I) is inserted; 

(6) a cell transformed with (III); 

(7) a method (IV) for expressing a polypeptide comprising 
transforming an expression host with an expression vector and culturing 
the expression host; 



(8) a 



!r GRF4 ' 



specific antibody (v) targeted to a region 



selected from either the C-^^minus, the CDC25 domain, the cm^ binding 
domain and the PDZ domain; 

(9) a method (VI) of treating a disorder characteri zed Dy excessi ve 
*** GRF 4*** expression, concentration and/or activity, comprising 

administering an agent that reduces or inhibits *** G r F 4*** polypeptide 
expression, concentration or activity; 

(10) a method (VII) of treating a disorder characterized by 
inadequate ***grf4*** expression, concentration and/or activity, 
comprising administering an agent that increases *** G r F 4*** 
polypeptide expression, concentration or activity; 

(11) a method (VIII) of identifying a compound that modulates the 
interaction of *** GRF 4*** with ***Ras*** , comprising: 

(a) contacting ***GRF4*** , a ***R as *** -binding fragment of 

- - "GRF4" " " or a derivative of ***GRF4*** (x) with ***r 3 s*** , a 

- - "GRF4- - - -binding fragment of ***R as *** 0 r a derivative of 
***R a s*** (Y) in the presence of the candidate compound ((X) and (Y) are 

capable of binding); and 

(b) determining whether the binding between (X) and (Y) is modulated, 
therefore indicating whether the candidate compound modulates the 
interaction of *** G RF4*** and ***R as *** ; 

(12) a method (IX) of identifying a compound that modulates the 
interaction of ***GRF4*** with ***Rapl*** , comprising: 

(a) contacting ***GRF4*** , a ***Rapl*** -binding fragment of 
***GRF4*** or a derivative of *** GRF 4*** ( X ) with ***Rapl*** , a 

- - "GRF4" " " -binding fragment of ***Rapl*** or a derivative of 
***Rapl*** (Y) in the presence of the candidate compound ((X) and (Y) 

are capable of binding); and 

(b) determining whether the binding between (x) and (Y) is modulated, 
therefore indicating whether the candidate compound modulates the 
interaction of ***grf4*** and ***Rapl*** ; 

(13) a method (x) of evaluating the cell proliferation reducing 
properties of a candidate compound, comprising contacting the compound 
with : 

(a) ***GRF4*** , a *** Ras *** binding fragment of ***grf4*** 
or a derivative *** GRF 4*** ; an d 

(b) ***R as *** ( a *** GRF 4*** binding fragment of ***r ss *** 
or a derivative of ***R as *** (the ***GRF4*** and ***R as *** are 
capable of binding); and 

(c) determining the ability of the compound to interfere with the 
binding of the ***GRF4*** and ***R as *** (the ability to reduce 
binding indicates that the compound reduces cell proliferation); 

(14) a ***GRF4*** polypeptide ***r ss *** activator; 

(15) a ***r 3S *** binding peptide comprising 10 to 100 amino acids 
and includes part of (Al) , (A2) , (A3) and/or (A4) ((a2) , (A3) and (A4) are 
defined sequences given in the specification) or a derivative of them that 
inhibits *** Ras *** activation; and 

(16) a method of evaluating an anti -proliferative compound comprising 
contacting the candidate compound with the CDC25 domain of *** GRF 4*** 
(or a derivative) and determining the ability of the candidate compound to 
bind to the *** GRF 4*** ( t he ability to bind indicates that the 
compound inhibits cell proliferation). 

activity - None given. 
No data given. 

MECHANISM OF ACTION - ***GRF4*** activates ***R as *** both in 
vitro and in vivo. It directly binds cyclic adenosine monophosphate (camp) 
directly via its cnmp-bd (cAMP/guani ne monophosphate (cGMP) binding 
domain). *** GRF 4*** directly connects cAMP-generati ng (e.g. G protein 
coupled receptors) or cGMP-generati ng pathways to *** Ras *** 

***GRF4*** activates ***Ras*** in response to elevation of 
intracellular camp and/or cGMP. ***grf4*** is a target for Nedd4 
ubiquitation as it binds Nedd4. 

Activation of the ***R as *** signaling pathway controls numerous 
cellular functions, such as cell metabolism, proliferation, 
differentiation and transformation. Therefore modulation of *** Ras *** 
activity may provide a mechanism for controlling diseases. 

USE - (i) and the GRF4 protein (II) it encodes may be used in the 
treatment of diseases associated with inappropriate GRF4 expression and 
activity such as cancers and neuronal disorders. For example, (I) (and 
vectors containing (I) (i.e. (Ill)) and the GRF4 polypeptide may be used 
to treat disorders associated with decreased GRF4 expression. 

(I) or (III) may be administered to treat diseases by rectifying 
mutations or deletions in a patient's genome that affect the activity of 
GRF4 by expressing inactive proteins or to supplement the patients own 
production of GRF4 polypeptides. Conversely, antisense nucleic acid 
molecules may be administered to down regulate GRF4 expression by binding 
with the cells own GRF4 genes and preventing their expression. 

The GRF4 polypeptides may be used as antigens in the production of 



antibodies against GRF4 and 
antagonists) of GRF4 expre 
GRF4 antagonists may also 
activity. Inhibition of Ras 
cancers . 
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AB The invention relates to protein and cDNA sequences of a novel huma 
guanine nucleotide releasing factor 4 ( ***GRF4* ** ) ***grf4*** 
is a ***Ras*** activator, and its corresponding protein which h 
important role in cell signaling. *** GRF 4*** contains several 
domains, including CDC25, REM, RA, PDZ and a cnmp (camp/cGMP) bindi 
domain (cnmp-bd), 2 PY motifs and a C terminal SxV sequence. *** 
can activate ***R as *** i n vitro or in vitro, it binds camp dire 
via its cnmp-bd. ***grf4*** directly connects cAMP-generati ng 
cGMP-generatinq pathways to ***R as *** . *** GRF 4*** ^ s ex pre 
mainly in the Brain, and is localized at the plasma membrane, a 
localization dependent on the presence of intact PDZ domain. The 
invention also relates to methods of using these nucleic acid seque 
and proteins in medical treatments and drug screening. 
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